. This allows use of grafts with greater human leukocyte antigen disparity and therefore increases the number of grafts available for transplantation. However, absolute HSC dose is a limiting factor in the use of CB as a graft for adult transplant recipients 4 . For this reason, many approaches to ex vivo expansion of HSCs have been attempted, and valuable information has been gathered regarding methods to retain stem cell functions during ex vivo culture [5] [6] [7] .
Until recently, interactions between stromal and hematopoietic cells were viewed as essential to the maintenance of stem cell properties, such as the ability to reconstitute the hematopoietic system in vivo after transplantation or in vitro in long-term cultures 8, 9 . Several studies have shed light on the molecular mechanisms involved in stromal HSC support ability. Some processes are mediated by growth factors including interleukin (IL)-3, IL-6, thrombopoietin (TPO), Flk-2/Flt-3 ligand (FL) and stem cell factor (SCF) 10 , and others involve adhesive molecules including Notch, mKirre 11 and connexin . It has also been demonstrated that some soluble factors such as Bone morphogenetic protein (BMP) and the Wnts family, which play important roles in the generation of cell polarity and the specification of cell fate during embryogenesis, are involved in postnatal hematopoiesis 13 . Accordingly, increasing attention has been focused on the roles of some embryonic factors in the bone marrow (BM) microenvironment 14 .
Recently, it has been revealed that primitive hematopoiesis and angiogenesis in the developing yolk sac are induced by a family of soluble proteins, Indian hedgehog (Ihh), which are released from a layer of visceral endoderm [15] [16] [17] . Subsequently, it was shown that endochondral bone development is modulated by Ihh released from chondrocytes, which are progeny of bone marrow stromal stem cells 18 . These results raised the possibility that Ihh proteins are not only involved in bone formation, but are also in the bone marrow microenvironment. More recently, it was reported that a member of the hedgehog family, sonic hedgehog (Shh), which was known to be a key signaling component in patterning of neural cord 19 , stimulates proliferation of CB CD34+ hematopoietic cells 20 . However, it was demonstrated that Shh and Ihh work on different but partially overlapping aspects of embryogenesis. In addition, although both share the receptor patched (Ptc) and utilize smoothened (Smo) as a signal transduction molecule, 5 hedgehog family members do not exhibit identical bioactivities 21, 22 . Thus, it has been uncertain whether Ihh could be involved in regulation of HSCs.
In the present study, we screened bone marrow stromal cells for the expression of Ihh and detected it in human stromal cells and CD34+ cells. Moreover, Smo was expressed in human stromal cells and in the CD34+ fraction, but not in the CD34-fraction. Based on these findings, we analyzed the role of Ihh in hematopoietic support using a coculture system with human stromal cells and CD34+ hematopoietic cells.
Materials and methods

Human bone marrow stromal cells
Human BM was obtained by aspiration from the posterior iliac crest of healthy adult volunteers after informed consent. The study was approved by the Institutional Review Board at our university. Preparation of primary stromal cells was described previously 23 . 
Retroviral vectors and Gene Transduction
The retroviral vector pRx-IRES-hrGFP was constructed by replacing the neomycin resistant gene of pRx-IRES-neo 24 
Analysis of expression of Ihh and related genes by RT-PCR and immunoblotting
For RT-PCR analysis, total RNA was prepared from cells using the QIAGEN RNeasy kit.
One µg of total RNA was reverse transcribed by SuperScript™II (Invitrogen, Tokyo, Japan) and amplified using the AccuTaq LA Polymerase Mix (Sigma) with primers 5'-CAAACATGATCTGGGTCATCTTCTC-3') as a control. The PCR amplification was carried out using 35 cycles of 94°C for 30 sec, 58°C for 30 sec, and 72°C for 60 sec. The PCR products were separated on a 2% agarose gel.
For immunoblot analysis, twenty µl of supernatant or fifty µg of lysate from control and Ihh-stromal cells was subjected to electrophoresis on a 4/20% SDS-polyacrylamide gradient gel and transferred to a PVDF membrane using a semidry transfer apparatus (Bio-Rad Laboratories, Tokyo, Japan). Cell lysate was prepared in a buffer containing 50 mM Tris-HCl (pH 7.4), 1% NP40, 150 mM NaCl, and a protease inhibitor mixture (Roche Diagnostics, Tokyo, Japan). Anti-Ihh antibody (Ab) was prepared from hybridoma 5E1, which was purchased from the IOWA hybridoma bank. Proteins were visualized using the enhanced chemiluminescence method (ECL; Amersham Pharmacia Biotech). procedure was performed at 37°C as described previously 23, 26 . The coculture was maintained by adding 5 mL of fresh medium containing cytokines on day 28. This allowed us to observe the formation of cobblestone areas (CAs) from hematopoietic cells that transmigrated beneath the layer of stromal cells. The number of CAs that included more than five cells was counted on day 28 of coculture. For a neutralization study, 0, 3, 10, 30 and 100 µg/ml of anti-hedgehog blocking Ab 5E1 17, 27 or vehicle were added to the coculture systems every three days.
Coculture of CB CD34+ cells with control or Ihh-stromal cells
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Analysis of clonogenic cells
The total numbers of colony-forming units in culture (CFU-C) and colony-forming unit mixed (CFU-Mix) cells in uncultured CD34+ cells or in cocultured preparations were evaluated as described previously 23, 28 . Aliquots of cells were cultured in quadruplicate using 35-mm tissue culture dishes in 1 mL of MethoCult GF H4434V (Stem Cell Technologies, Vancouver, Canada). After 14 days of culture in a humidified environment at 37°C under 5% CO 2 , colonies consisting of 50 or more cells were scored under a microscope.
Transplantation into NOD/SCID-ß2m -/-mice
Six-to ten-week-old NOD/SCID-ß2m -/-mice were bred from breeding pairs originally obtained from Jackson Laboratory (Bar Harbor, ME, USA). All animals were handled under sterile conditions and maintained in microisolators. 
Statistical Analysis
Results are expressed as the mean ± standard deviation (SD). The significance of differences was assessed by either the Student's t-test or the Mann-Whitney U test. 18 . Based on these reports, we assumed there was a possibility that Ihh were expressed in human stromal cells and that they contribute to hematopoiesis. As expected, the Ihh mRNA was expressed in both primary and hTERT-stromal cells, and higher expression levels were detected in CB cells ( Figure 1B) . However, mRNA levels were relatively lower when HUVEC were used as endothelial cells. Furthermore, the receptor complex proteins Ptc and Smo were expressed in the human primary and hTERT-stromal cells ( Figure 1C ). We also examined the expression of Shh, which is Figure 1A and 2C) . These results indicated that the transgene of Ihh-N was highly expressed in Ihh-stromal cells.
Results
Expression of hedgehog related genes in CB, primary-and hTERT stromal cells
Thus, using these gene-modified stromal cells, we conducted comparative experiments as described below. 
Hematopoietic progenitor support by control and Ihh-stromal cells in vitro
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Blocking of Ihh by the monoclonal Ab 5E1
We conducted a blocking study using the neutralizing anti-hedgehog Ab 5E1, to clarify whether the increased hematopoietic support ability is a direct effect of Ihh.
Previous studies using this same antibody have shown its specificity and neutralizing capacity to inhibit hedgehog signaling in Ihh proteins 27 . We investigated whether the number of hematopoietic cells that expanded on either control or Ihh-stromal cells was We further examined the surface markers on hematopoietic cells that had representative flow cytometric analysis of highly reconstituted mice is shown in Figure 6A (control stroma) and Figure 6B (Ihh-stroma). No GFP+ stromal cells in BM ( Figure 6A-B) were detected by isotopes control staining, indicating that no GFP+ stromal cells were . Hedgehog family proteins have also been shown to function in distinct aspects of embryogenesis, and the tissue distribution of individual members is largely separated or else only partially overlapping 21, 22 . Thus, it has been unclear which specific hedgehogs function in the BM microenvironment. In the present study, the expression of Ihh, but not Shh, was detected in bone marrow stromal cells and in stromal cells that express high levels of Ihh protein efficiently and that expand primitive hematopoietic cells. Furthermore, these proliferative effects were neutralized by an anti-hedgehog blocking Ab. These results indicate that Ihh contributes shown that STRC are markedly higher in mobilized peripheral blood as compared with BM and CB, and this elevated STRC content of mobilized peripheral blood could explain the apparently faster rates of hematological recovery that they typically achieve clinically 35, 36 . Therefore, coculture with Ihh-stromal cells and CB leads to expansion of STRCs, and this could compensate for delayed recovery of myelo-suppression after CB transplantation 3 . Further study using larger animal models will be required to elucidate whether the expanded STRCs actually contribute to early reconstitution of the BM. 
